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SATELLITE  AND  ROCKET  OBSERVATIONS  OF 
EQUATORIAL  SPREAD-F  IRREGULARITIES: 

A  TWO-DIMENSIONAL  MODEL 

I.  INTRODUCTION 

Recently,  there  have  been  considerable  advances  in  the 
understanding  of  equatorial  spread-F  as  a  result  of  improved  ground 
based  radar  observations  and  coordinated  "in  situ"  measurements. 

The  long  standing  Jicamarca  radar  results  (e.g.,  Woodman  and 
LaHoz  (1976)  and  associated  references)  have  been  studied  in 
greater  detail  by  the  expanded  capabilities  of  the  Altair  radar 
facility  in  the  Kwajalein  Atoll  (Tsunoda  and  Towle,  1980).  These 
more  recent  results  have  investigated  plume  development  in  an 
east-west  cross-section  and  provided  some  tentative  identification 
of  plume  elements  with  local  F-region  plasma  depletions  (Tsunoda, 
1980a, b) . 

Early  efforts  to  examine  the  exact  relationship  between  radar 

plumes  and  ionospheric  depletions  by  performing  simultaneous 

"in  situ"  and  ground-based  radar  observations  (Kelley  et  al.,  1976; 

Morse  et  al.,  1977)  were  limited  to  conditions  of  bottomside 

spread-F  and  required  extrapolations  in  space  and  time  to  establish 

correlations.  These  frustrations,  as  well  as  two  unsuccessful 

attempts  at  Kwajalein  in  1977  and  1978,  were  finally  relieved 

by  the  successful  DNA/PLUMEX  campaign  in  1979  (Szuszczewicz  et 

al.,  1980a)  which  definitively  established  the  co-location  of  intense 

radar  returns  with  the  upper  region  of  a  topside  F-layer  depletion. 

The  PLUMEX  results  also  provided  the  first  vertical  profile  of 

large-scale  plasma  depletions  with  superimposed  distributions 

of  smaller  scale  irregularities. 

Manuscript  submitted  December  2,  1980. 
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In  an  attempt  to  establish  a  2-dimensional 
"in  situ"  profile  that  complements  the  developing  catalog  of 
Altair  observations,  we  present  in  this  paper  a  composite  of 
rocket  and  satellite  observations,  from  the  PLUMEX  campaign  on 
the  one  hand  and  the  S3-4  satellite  on  the  other.  These  results 
are  summarized  in  subsequent  sections  and  synthesized  in  a  way 
that  suggests  a  two-dimensional  model  of  macroscopic  F-region 
depletions  with  smaller  scale  structures  tending  to  develop  more 
readily  on  the  top  and  western  boundaries. 

II.  ROCKET-BORNE  MEASUREMENTS 

The  coordinated  measurements  of  equator’.al  spread-F 
conducted  during  July  1979  at  the  Kwajalein  Atoll  involved 
the  launch  of  two  instrumented  rocket  payloads  designed  to 
probe  the  detailed  "in  situ"  structure  of  the  turbulent 
ionospheric  plasma.  The  first  launch  operation  (PLUMEX  I; 

17  July  1979;  0031:30.25  LT)  was  conducted  during  the  late 
phase  in  the  development  and  decay  of  spread-F.  The  associated 
results  and  discussions  of  ground-based  and  rocket-borne 
diagnostics  have  been  presented  by  Szuszczewicz  et  al.  (1980a, b). 

For  purposes  of  comparison  with  subsequent  presentations  of 
S3-4  satellite  data  we  show  here  in  Figure  1  the  upleg  measure¬ 
ments  of  relative  density  as  presented  by  correlated  ion-  (I„) 
and  electron-saturation  I^(V+)  currents  collected  by  a  pair  of 
on-board  pulsed-plasma-probes  (Holmes  and  Szuszczewicz,  1975; 
Szuszczewicz  and  Holmes,  1980)  in  the  PLUMEX  I  operation.  The 
ordinate  has  a  linear  scale  for  time-after-launch  with  altitude 
superimposed  at  50  second  increments.  (Because  ion  and  electron 


saturation  currents  have  significantly  different  sensitivities 

to  velocity,  sheath  and  magnetic  field  effects,  variations  in 

1^  and  I^(V+)  not  mutually  corroborated  were  attributed  to  the 
d  e 

various  aspect  sensitivities  and  excluded  from  Figure  1.  This 
approach  facilitated  analysis,  reduced  computer  time,  and 
established  credibility  in  the  interpretation  of  the  curves  as 
relative  electron  density  profiles.) 

The  results  in  Figure  1  show  that  a  number  of  major  depletions 
(ANe/N°  <  0.9)  were  distributed  throughout  the  F-region.  Each 
of  the  large  scale  depletions  (identified  alphabetically)  has 
its  own  distribution  of  irregularities,  illustrated  in  Figure  2 
by  the  expanded  view  of  regions  C,  D,  H  and  I.  It  is  clear  that 
"C"  is  not  a  single  narrow  biteout  but  a  collection  of  rather 
large  irregular  structures  extending  over  a  total  altitude  domain 
of  about  12  km.  (Vehicle  velocity  in  region  C  was  2.4  km/sec.)  To 
develop  a  quantitative  view  of  irregularity  fluctuations  observed 
in  the  F-region,  contiguous  linear  detrends  over  4-second 
intervals  were  executed  throughout  the  entire  upleg  trajectory. 

The  variations  about  those  linear  detrends  were  then  plotted 
in  Figure  1  as  "Irregularity  Intensity",  with  a  maximum  relative 
scale  of  +  4.  A  fluctuation  as  great  as  +  4  approximately 
represents  a  +  80%  fluctuation  about  the  linear  detrend. 

(Correlation  of  these  results  with  macroscale  gradients  and 
Altair  backscatter  contours  are  discussed  by  Szuszczewicz  et  al., 
1980a).  The  results  show  that  the  most  intense  irregularities 
occurred  on  the  bottoraside  gradient  (region  C)  with  corresponding 


measurements  at  all  other  altitudes  at  a  much  lower  level.  We 
note  that  the  fluctuations  in  the  largest  depletion  (region  H-l) 
are  smaller  than  those  at  "C".  Furthermore,  the  fluctuations 
at  C,  D,  E  and  I  are  more  intense  than  at  adjacent  locations; 
and  C,  D,  E  and  I  are  co-located  with  positive  density  gradients 
of  large  scale  features. 

III.  S 3 - 4  SATELLITE  RESULTS 

While  rocket-borne  instrumentation  can  provide  vertical 
profiles  of  irregularities,  a  circular  or  near-circular  orbiting 
satellite  with  high  resolution  instrumentation  is  required  to 
assemble  irregularity  intensities  and  power  law  behavior  in 
the  horizontal  plane.  The  S3-4  satellite  carries  just  such 
an  experiment. 

The  S3-4  ionospheric  irregularities  experiment  employs 
a  pair  of  pulsed-plasma-probes  (Holmes  and  Szuszczewicz ,  1975; 
Szuszczewicz  and  Holmes,  1980)  on  a  polar  (96.4°  inclination), 
sun-synchronous  (2230  hr  LT ,  equatorial  crossing),  F-region 
orbiting  satellite.  The  experiment  provides  direct  measurements 
of  the  ionospheric  state  (Ng,  Ig) ,  its  condition  of  irregularity 
(6N  ),  and  associated  electron  density  fluctuation  power 
spectra  (P(k))  with  5-20  meter  resolution. 

Figure  3  presents  a  sample  of  relative  electron  density 
data  collected  during  a  nighttime  equatorial  crossing  with 
the  satellite  orbiting  at  an  altitude  of  240  km  with  a  velocity 
of  7.53  km/sec.  The  velocity  component  perpendicular  to 
the  geomagnetic  field  is  2.0  km/sec.  50  seconds  of  data  are 
displayed  covering  a  total  horizontal  extent  equal  to  366  km, 
moving  from  east-to-west  with  increasing  time. 
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The  data  reveal  four  large  scale  depletions  ranging  up 
to  98  km  wide  and  a  factor  of  300  in  depth,  with  smaller  scale 
structure  visible  down  to  a  fraction  of  a  kilometer.  The 
upper  portion  of  Figure  3  presents  "irregularity  intensity"  as 
measured  by  relative  fluctuations  about  continuous  0.27  second 
(2.1  km)  linear  detrends. 

Further  discussion  is  facilitated  by  identifying  certain 

features  in  Figure  3.  First,  there  are  clearly  defined  regions 

of  undisturbed  background  ionosphere,  marked  alphabetically 

A  through  D;  the  smoothness  of  the  relative  density  and  the 

corresponding  0%  fluctuations  attest  to  their  undisturbed 

nature.  The  eastern  boundary  is  defined  as  the  region  of 

density  gradient  moving  westward  from  an  undisturbed  domain 

to  the  least  lower  bound  of  relative  plasma  density  in  the 

depletion.  Everything  to  the  west  of  that  minimum  is  defined 

as  the  western  boundary.  Admittedly  these  definitions  leave 

no  room  for  a  region  that  might  be  called  the  "depletion 

center",  but  depletions  3  and  4  suggest  that  there  is  no 

easily  defined  "depletion  center".  This  is  also  borne  out 

3 

by  other  sets  of  P  data. 

Focussing  on  depletions  3  and  4,  we  see  that  the  irregularity 
intensities  are  2  to  3  times  larger  on  the  western  boundary 
than  on  its  eastern  counterpart.  This  same  relationship  is 
true  in  depletions  1  and  2,  but  only  after  a  qualification 
that  suggests  that  1  and  2  are  halves  of  a  larger  depletion 
bounded  by  A  and  B.  This  is  supported  in  part  by  the  non¬ 
existence  of  a  quiescient  ionosphere  between  the  two.  When 
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ELECTRON  PROBE 
CURRENT  (AMP) 


ALT  239  KM 
LAT  -15.1  °S 
LONG  175.3°E 
MLAT  -19.4°S 


ALT  236.9  KM 
LAT  -11:8°S 
LONG  174.7°E 
MLAT  -1 6.3°S 


Fig.  3  —  The  electron  density  variations  as  measured  by  the  electron  probe  aboard  S3-4 
on  rev.  #2123.  On  the  top  is  the  irregularity  intensity  (6  I/I)  determined  over  contiguous 
2.1  km  intervals  throughout  the  depletions. 
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viewed  from  this  perspective  the  western  boundary  is  approximately 
twice  as  intense  in  irregularity  intensity  as  the  eastern 
boundary . 

Signatures  in  irregularity  strengths  and  relationships 
to  plasma  instability  mechanisms  can  be  further  explored 
through  power  spectral  density  analyses.  We  present  in 
Figure  4  just  such  results  for  each  of  the  boundaries  in 
Figure  3  (IE  and  1W  refer  respectively  to  the  eastern  and 
western  boundary  of  depletion  number  1).  Power  spectral  analyses 
are  presented  across  the  boundaries  of  each  of  the  four  depletions 
with  spectral  indices  (n.  in  a  spectral  fit  to  P  =  P  f  n) 
ranging  from  1.9  to  2.3.  (These  indices  are  in  agreement 
with  the  work  of  Keskinen  et  al.  (1980)  where  numerical 
simulations  predict  n  =  2.0  to  2.5  for  horizontal  irregularity 
structures  perpendicular  to  B.  This  result  runs  parallel  to 
an  earlier  comparison  (Szuszczewicz  and  Holmes,  1980;  Keskinen 
et  al.  1980b)  which  showed  that  the  power  spectral  index 
across  region  C  in  PLUMEX  I  also  agreed  with  the  predictions  of 
Keskinen  et  al  (1980a)  in  the  vertical  plane.)  More  important 
to  the  discussion  of  east-west  asymmetries  is  the  ratio  of 
the  spectral  strengths  (P  )  across  the  two  boundaries.  By 
defining  P^  as  Pq ( We s t ) / Pq ( Ea s t )  ,  we  find  the  ratio  P^ 
to  extend  from  1.4  to  11.3,  i.e.,  the  irregularity  spectral 
strength  on  the  western  wall  is  1.4  to  11.3  times  more 
intense  than  on  the  eastern  counterpart. 
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EAST  WEST 

S34  NRL  747  (E  AT  1024  HZ)  S34  NRL  747  (E  AT  1024  HZ) 


0.1  1  10  100  0.1  1  10  100 


FREQUENCY  (HZ)  FREQUENCY  (HZ) 

Fig.  4  —  Power  spectral  analyses  across  the  boundaries  of  the  four  depletions  (1  thru  4)  in 
Figure  3.  The  number  in  the  upper  portion  of  each  panel  is  the  spectral  index  n,  in  a 
P=PQf'n  fit  to  the  data.  The  value  Pj  shown  in  each  right  hand  panel  corresponds  to  the 
ratio  of  spectral  strengths  Pj  =  P0  (western  boundary)  ■=■  P0  (eastern  boundary). 


These  results  are  in  concert  with  the  radar  observations 
of  Tsunoda  (1979)  which  show  that  the  bottomside  back scatter 
strength  is  often  asymmetric  in  the  east-west  plane,  with 
the  western  side  of  the  plumes  being  the  more  intense. 

The  combined  observations  support  a  model  of  E-W  asymmetry  which 
allows  for  a  neutral-wind-driven  instability-growth-rate 
enhancement  on  the  western  side  of  a  rising  bottomside  F- 
region  depletion  (Tsunoda,  1979). 

IV.  CONCLUSIONS 

The  combination  of  recent  rocket  and  satellite  data  allows 
for  the  development  of  a  two-dimensional  empirical  model  of 
equatorial  depletions  and  associated  irregularities.  Elements 
in  the  data  have  led  to  the  following  conclusions: 

1)  Equatorial  depletions  are  macrostructures  within 
which  much  smaller  scale  irregularities  are  imbedded; 

2)  These  smaller  scale  irregularities  (in  the  vertical 
plane)  tend  to  derive  their  energies  from  positive  density 
gradients  on  the  topside  of  local  depletions; 

3)  Vertical  and  horizontal  power  spectral  analyses 
display  indices  from  1.8  to  2.5,  a  result  which  is  consistent 
with  Rayleigh-Taylor  instability  generation  of  intermediate 
wavelength  irregularities  during  the  occurrence  of  equatorial 
spread-F  (Keskinen  et  al .  1980a); 

4)  When  viewed  horizontally,  bottomside  depletions  have 
and  east-west  asymmetry  with  the  more  intense  fluctuations 
and  spectral  strengths  being  observed  on  the  western  boundary. 
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This  result  is  consistent  with  the  radar  measurements  of 


Tsunoda  (1979)  and  scintillation  observations  of  Livingston 
et  al.  (1980); 

5)  The  combination  of  all  results  leads  to  a  two- 
dimensional  model  of  macroscopic  F-region  depletions  with  smaller 
scale  structures  developing  on  the  top  and  western  boundaries. 
This  model  and  associated  spectral  indices  fully  supports 
the  computational  work  of  Keskinen  et  al.  (1980a). 
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UNIVERSITY  PARK,  PA  16802 

(NO  CLASSIFIED  TO  THIS  ADDRESS) 

01CY  ATTN  IONOSPHERIC  RESEARCH  LAB 

PHOTOMETRICS,  INC. 

442  MARRETT  ROAD 
LEXINGTON,  MA  02173 

01CY  ATTN  IRVING  L.  KOFSKY 

PHYSICAL  DYNAMICS  INC. 

P.O.  BOX  3027 
BELLEVUE,  WA  98009 

01CY  ATTN  E.J.  FREMOUW 

PHYSICAL  DYNAMICS  INC. 

P.O.  BOX  1069 
8ERKELEY,  CA  94701 

01CY  ATTN  A.  THOMPSON 

R  &  D  ASSOCIATES 

P.O.  BOX  9695 

MARINA  DEL  REY,  CA  90291 

01CY  ATTN  FORREST  GILMORE 
01CY  ATTN  BRYAN  GABBARD 
01CY  ATTN  WILLIAM  B.  WRIGHT  JR. 
01CY  ATTN  WILLIAM  J.  KARZAS 
01CY  ATTN  ROBERT  F.  LELEVIER 
01CY  ATTN  H.  ORY 
01CY  ATTN  C.  MACDONALD 
01CY  ATTN  R.  TURCO 


RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 

01CY  ATTN  CULLEN  CRAIN 
01CY  ATTN  ED  BEDROZIAN 

RIVERSIDE  RESEARCH  INSTITUTE 
80  WEST  END  AVENUE 
NEW  YORK,  NY  10023 

01CY  ATTN  VINCE  TRAPANI 

SCIENCE  APPLICATION,  INC. 

P.O.  BOX  2351 
LAJOLLA,  CA  92038 

01CY  ATTN  LEWIS  M.  LINSON 
01CY  ATTN  DANIEL  A.  HAMLIN 
01CY  ATTN  D.  SACHS 
01CY  ATTN  E.A.  STRAKER 
01CY  ATTN  CURTUS  A.  SMITH 
01 CY  ATTN  JACK  MCDOUGALL 

RAYTHEON  CO. 

528  BOSTON  POST  ROAD 
SUDBURY,  MA  01776 

01CY  ATTN  BARBARA  ADAMS 

SCIENCE  APPLICATIONS,  INC. 
HUNTSVILLE  DIVISION 
2109  W.  CLINTON  AVENUE 
SUITE  700 

HUNTSVILLE,  AL  35805 

01 CY  ATTN  DALE  H.  DAVIS 

SCIENCE  APPLICATIONS,  INCORPORATED 
8400  WESTPARK  DRIVE 
MCLEAN,  VA  22101 

01CY  ATTN  J.  COCKAYNE 

SCIENCE  APPLICATIONS,  INC. 

80  MISSION  DRIVE 
PLEASANTON,  CA  94566 
01CY  ATTN  SZ 

SRI  INTERNATIONAL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  94025 

01CY  ATTN  DONARD  NEILSON 
01CY  ATTN  ALAN  BURNS 
01CY  ATTN  G.  SMITH 
01CY  ATTN  L.L.  COBB 
01CY  DAVID  A.  JOHNSON 
01CY  ATTN  WALTER  G.  CHESNUT 
01CY  ATTN  CHARLES  L.  RINO 
01CY  ATTN  WALTER  JAYE 
01CY  ATTN  M.  BARON 
01CY  ATTN  R.  LIVINGSTON 


01CY  ATTN  RAY  L.  LEADABRANO 
OICY  ATTN  G.  CARPENTER 
OICY  ATTN  G.  PRICE 
OICY  ATTN  J.  PETERSON 
OICY  ATTN  R.  HAKE,  JR. 

OICY  ATTN  V.  GONZALES 
OICY  ATTN  D.  MCDANIEL 
OICY  ATTN  R.  TSUNODA 

TECHNOLOGY  INTERNATIONAL  CORP 
75  WIGGINS  AVENUE 
BEDFORD,  MA  01730 

OICY  ATTN  W.P.  BOQUIST 


TRW  DEFENSE  &  SPACE  SYS  GROUP 

ONE  SPACE  PARK 

REDONDO  BEACH,  CA  90278 

OICY  ATTN  R.K.  PLEBUCH 
OICY  ATTN  S.  ALTSCHULER 
OICY  ATTN  D.  DEE 

VISIDYNE,  INC. 

19  THIRD  AVENUE 

NORTH  WEST  INDUSTRIAL  PARK 

BURLINGTON,  MA  01802 

OICY  ATTN  CHARLES  HUMPHREY 
OICY  ATTN  J.W.  CARPENTER 


t 


IONOSPHERIC  MODELING  DISTRIBUTION  LIST 
UNCLASSIFIED  ONLY 


PLEASE  DISTRIBUTE  ONE  COPY  (EXCEPT  WHERE  NOTED 
OTHERWISE)  TO  EACH  OF  THE  FOLLOWING  PEOPLE: 

ADVANCED  RESEARCH  PROJECTS  AGENCY  (ARPA) 
STRATEGIC  TECHNOLOGY  OFFICE 
ARLINGTON,  VA  22217 


COMMANDER 

NAVAL  AIR  SYSTEMS  COMMAND 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  D.C.  20360 

DR.  T.  CZUBA 


CAPT  DONALD  M.  LEVINE 

NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  D.C.  20375 

DR.  R.  MEIER  -  CODE  4141 

DR.  TIMOTHY  COFFEY  -  CODE  4000 

DR.  S.  OSSAKOW  -  CODE  4780 

DR.  J.  GOODMAN  -  CODE  4180 

DR.  E.  SZUSZCZEWICZ  -  CODE  4187  (50  COPIES) 

DIRECTOR  OF  SPACE  AND  ENVIRONMENTAL  LABORATORY 
NOAA 

BOULDER,  CO  80302 

DR.  A.  GLENN  JEAN 
DR.  G.  W.  ADAMS 
DR.  D.  N.  ANDERSON 
DR.  K.  DAVIES 
DR.  R.  F.  DONNELLY 

A.F.  GEOPHYSICS  LABORATORY 
L.  G.  HANSON  FIELD 
BEDFORD,  MA  01731 

DR.  T.  ELKINS 
OR.  W.  SWIDER 
IWS.  R.  SAGALYN 
DR.  J.  M.  FORBES 
OR.  T.  J.  KENESHEA 
DR.  J.  AARONS 
DR.  R.  NARCISI 


HARVARD  UNIVERSITY 
HARVARD  SQUARE 
CAMBRIDGE,  MASS.  02138 

DR.  M.  B.  McELROY 
DR.  R.  LINDZEN 

PENNSYLVANIA  STATE  UNIVERSITY 
UNIVERSITY  PARK,  PA  16802 

DR.  J.  S.  NISBET 
DR.  P.  R.  ROHRBAUGH 
DR.  D.  E.  BARAN 
DR.  L.  A.  CARPENTER 
DR.  M.  LEE 
DR.  R.  DIVANY 
DR.  P.  BENNETT 
DR.  E.  KLEVANS 

UNIVERSITY  OF  CALIFORNIA,  LOS  ANGELES 
405  HILLGARD  AVENUE 
LOS  ANGELES,  CA  90024 

DR.  R.  STENZEL 
DR.  F.  V.  CORONITI 
DR.  C.  KENNEL 
DR.  W.  GEKELMAN 

UNIVERSITY  OF  CALIFORNIA,  BERKELEY 
BERKELEY,  CA  94720 

DR.  M.  HUDSON 


OFFICE  OF  NAVAL  RESEARCH 
800  NORTH  QUINCY  STREET 
ARLINGTON,  VA  22217 


UTAH  STATE  UNIVERSITY 
4TH  AND  8TH  STREETS 
LOGAN,  UTAH  84322 


U.S.  ARMY  ABERDEEN  RESEARCH  ANO  DEVELOPMENT 
CENTER  BALLISTIC  RESEARCH  LABORATORY 
ABERDEEN,  MD  21001 

OR.  J.  HEIMERL 


OR.  P.  M.  BANKS 
DR.  R.  HARRIS 
DR.  V.  PETERSON 
DR.  R.  MEGILL 
DR.  K.  BAKER 
DR.  R.  WILLIAMSON 
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COMMANDER 

U.S.  ARMY  COMM- ELEC  ENGRG  INSTAL  AGY 
FT.  HUACHUCA,  AZ  85613 

OICY  ATTN  CCC-EMEO  GEORGE  LANE 

COMMANOER 

U.S.  ARMY  FOREIGN  SCIENCE  &  TECH  CTO 
220  7TH  STREET,  NE 
CHARLOTTESVILLE,  VA  22901 
OICY  ATTN  DRXST-SD 
OICY  ATTN  R.  JONES 

COMMANOER 

U.S.  ARMY  MATERIAL  OEV  &  REAOINESS  CMO 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

OICY  ATTN  ORCLDC  J.A.  BENDER 

COMMANDER 

U.S.  ARMY  NUCLEAR  AND  CHEMICAL  AGENCY 
7500  BACKLICK  ROAD 
BLDG.  2073 

SPRINGFIELD,  VA  22150 
OICY  ATTN  LIBRARY 

DIRECTOR 

U.S.  ARMY  BALLISTIC  RESEARCH  LABS 
ABERDEEN  PROVING  GROUND,  MD  21005 
OICY  ATTN  TECH  LIB  EDWARD  BAICY 

COMMANOER 

U.S.  ARMY  SATCOM  AGENCY 
FT.  MONMOUTH,  NJ  07703 

OICY  ATTN  DOCUMENT  CONTROL 

COMMANDER 

U.S.  ARMY  MISSILE  INTELLIGENCE  AGENCY 
REDSTONE  ARSENAL,  AL  35809 
OICY  ATTN  JIM  GAMBLE 

OIR  ECTOR 

U.S.  ARMY  TOADOC  SYSTEMS  ANALYSIS  ACTIVITY 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 
OICY  ATTN  ATAA-SA 
OICY  ATTN  TCC/F.  PAYAN  JR. 

OICY  ATTN  ATAA-TAC  LTC.  J.  HESSE 

COMMANDER 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 
WASHINGTON,  D.C.  20360 

OICY  ATTN  NAVLEX  034  T.  HUGHES 
OICY  ATTN  PME  117 
OICY  ATTN  PME  117-T 
01C.'  ATTN  CODE  5011 
OICY  ATTN  PME-106-T 


UNDER  SECY  OF  DEF  FOR  RSCH  &  ENGR. 

DEPARTMENT  OF  DEFENSE 
WASHINGTON,  D.C.  20301 

OICY  ATTN  STRATEGIC  &  SPACE  SYSTEMS 
(OS) 

WWMCCS  SYSTEM  ENGINEERING  ORG. 

WASHINGTON,  D.C.  20305 

OICY  ATTN  R.  CRAWFORD 

COMMANDER /DIR ECTOR 
ATMOSPHERIC  SCIENCES  LABORATORY 
U.S.  ARMY  ELECTRONICS  COMMAND 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 
OICY  ATTN  DELAS-EO  F.  NILES 

DIRECTOR 

BMD  ADVANCED  TECH  CTO 
HUNTSVILLE  OFFICE 
P.O.  BOX  1500 
HUNTSVILLE,  AL  35807 

OICY  ATTN  ATC-T  MELVIN  T.  CAPPS 
OICY  ATTN  ATC-0  W.  DAVIES 
OICY  ATTN  ATC-R  DON  RUSS 

PROGRAM  MANAGER 
BMD  PROGRAM  OFFICE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

OICY  ATTN  DACS-BMT  J.  SHEA 

CHIEF  C-E  SERVICE  DIVISION 
U.S.  ARMY  COMMUNICATIONS  CMD 
PENTAGON  RM.  1B269 
WASHINGTON,  D.C.  20310 

OICY  ATTN  C-E-SERVICES  DIVISION 

COMMANDER 

FRADCOM  TECHNICAL  SUPPORT  ACTIVITY 
DEPARTMENT  OF  THE  ARMY 
FORT  MONMOUTH,  N.J.  07703 

OICY  ATTN  ORSEL-NL-RD  H.  8ENNET 
OICY  ATTN  DRSFL-PL-ENV  H.  BOMKE 
OICY  ATTN  J.E.  QUIGELY 

COMMANDER 

HARRY  DIAMOND  LABORATORIES 
DEPARTMENT  OF  THE  ARMY 
2800  POWDER  MILL  ROAD 
ADELPHI,  MD  20783 

(CNWDI- INNER  ENVELOPE:  ATTN:  DELHO-RBI- 
OICY  ATTN  DELHD-TI  M.  WEINER 

OICY  ATTN  DELHD-RB  R.  WILLIAMS 

OICY  ATTN  DELHD-NP  F.  WIMENITZ 

OICY  ATTN  DELHD-NP  C.  MOAZED 
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CORNELL  UNIVERSITY 
ITHACA,  N.Y.  14850 

DR.  W.  E.  SWARTZ 

DR.  R.  SUDAN 

DR.  D.  FARLEY 

OR.  M.  KELLEY 

NASA 

GODOARD  SPACE  FLIGHT  CENTER 
GREENBELT,  MD  20771 

OR.  S.  J.  BAUER/ CODE  600 

DR.  R.  HAR TEL/CODE  621 

DR.  R.  GOLDBERG/ CODE  912 

DR.  S.  CHANDRA 

DR.  K.  MAEDO 

DR.  R.  BENSON/CODE  621 

PRINCETON  UNIVERSITY 
PLASMA  PHYSICS  LABORATORY 
PRINCETON,  N.J.  08540 

DR.  F.  PERKINS 
DR.  E.  FRIEMAN 

INSTITUTE  FOR  DEFENSE  ANALYSIS 
400  ARMY/NAVY  ORIVE 
ARLINGTON,  VA  22202 

OR.  E.  BAUER 

UNIVERSITY  OF  MARYLAND 
COLLEGE  PARK,  MD  20742 

DR.  K.  PAPADOPOULOS 
OR.  E.  OTT 

UNIVERSITY  OF  PITTSBURGH 
PITTSBURGH,  PA  15213 

DR.  N.  ZABUSKY 
OR.  M.  BIONOI 

DEFENSE  DOCUMENTATION  CENTER 
CAMERON  STATION 
ALEXANDRIA,  VA  22314 

(12  COPIES  IF  OPEN  PUBLICATION 
OTHERWISE  2  COPIES)  12  CY  ATTN  TC 


UNIVERSITY  OF  CALIFORNIA 

LOS  ALAMOS  SCIENTIFIC  LABORATORY 

J-10,  MS-664 

LOS  ALAMOS,  NEW  MEXICO  87545 

DR.  M.  PONGRATZ 
DR.  D.  SIMONS 
OR.  G.  BARASCH 
DR.  L.  DUNCAN 

OFFICE  OF  ASSISTANT  SECRETARY  OF  NAVY 
FOR  RESEARCH,  ENGINEERING  AND  SYSTEMS 
PENTAGON  RM  4D745 
Washington,  DC  20350 

03  CY  Attn  Dr.  H.  Rabin 
Deputy  Assistant 
Sec.  of  Navy 
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